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Negative-ion based NBI systems were installed in 
the LHD to produce a high performance plasma. A penetra-
tion length of ISOkeV hydrogen neutral beam is long be-
cause of the tangentially beam injection. It is important that 
the study of beam deposition along the line of beam injec-
tion. So we started of the measurement of beam attenuation 
by using a multi-channel spectrometer. 
Visible spectra emitted from the hydrogen beam by 
the interaction of the LHD plasma. It can separate the spec-
trum of background and beam emission Ha, because of the 
beam emission line is shifted by the Doppler effect. We set 
two-observation line of sights viewing at the upstream and 
the downstream of the injection beam as shown in Fig. I. 
The upstream and downstream angle between the beam cen-
ter and line of sight are the 62.4 • and 42.6 • , respectively. 
So it is expected that the direction of two Doppler shifts is 
different. 
The beam profile is measured by a ten channels op-
tical fiber array. Each quartz optical fiber is attached with a 
small lens, and the observation range is 1m vertically. Twen· 
ty optical fibers are arranged as the straight line in front of 
the entrance slit of the 25cm Czerny-Turner spectrometer. A 
grating of ISOOgrooves/mm with 500nm braze is installed 
in the spectrometer, whose reciprocal dispersion is 1.8 
nm/mm. The ICCD detector is coupled on the focal plane of 
the spectrometer in order to detect all spectra. The ICCD de· 
tector has equipped the image intensifier tube with the diam-
eter of 18 mm and the cooling type CCD with 1024X256 
pixels. The exposure time of the CCD detector and the gate 
width of photocathode voltage can be controlled. The sys-
tem dispersion is 0.037nm/pixel at 656.3nm. The summa-
tion of the Doppler blue shift and the red shift is expected 
16 nm at the beam energy ofl80keY. The observable wave-
length range, which is 25 nm in the one frame, has satisfied 
necessary specification. 
Figure 2 shows the measured spectral image of Ha. 
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Fig. I. Top view of the observation lines and injection 
line of high energy neutral beam in the LHD. 
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Fig. 2. Spectral image of the beam emission and the back-
ground Ha lines. Each beam .emission have two compor-
nents of IS3A and IS3B. 
One spectrum is addition of nine tracks. Optical fibers of 
the blue shift and the red shift are arranged alternately in or-
der to prevent an overlap of close set spectrum. At the cen-
ter of the image, back ground Ha line is saturated. The 
beam emission Ha has c1earty observed at both side of the 
background Ha. Each beam emission Ha are two compo-
nents, which due .to the tilt of two negative ion sources 
(IS3A and IS3B). 
Figure 3 shows the Ha signals by changing LHD elec-
tron density at the center chord. In the case of the low aver-
aged density of 0.29x IO· 19/m3, the beam emission from up-
stream and downstream is clearly observed. Absorption 
efficiency of the beam measured at armor position is 27% 
low. The signal of the downstream section disappeared 
when increasing the averaged density of 3.1 x 10' I 91m3 as 
shown in Fig. 3(b). It is found that attenuation of the beam 
is done on the point between the upstream and the down-
stream. This result is consistent with 97% high deposition 
of the armor measurement at high density operation. It 
seems that the beam of IS3A is ionized at upstream of the 
observation point. The beam from IS3B, which passes in-
side of major radius, is well absorbed at downward region. 
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Fig. 3. Spectral lines of the beam emission of both the up-
stream and the downstream at the lowdensity operation (aJ 
and high density operation (bJ. 
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